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Chipped-stone “adze-shaped objects” (ASOs) were identified from a few Upper Palaeolithic sites in northern China. Its morpho-
logical form resembles to ground-stone type-specific adze, but the function of the ASO has never been assessed. The objective of
this study is to investigate the use function of this particular tool type recovered from the Hutouliang site in the Nihewan Basin of
northern China. In this study, the lithic use-wear analysis is applied to examining microscopically edge-damages and sur-
face-rounding of the tools in order to assess how they were employed. The result suggests that the ASO might have been used as
woodworking tools with a hafted shaft, providing evidence for the appearance of the earliest hafted chipped-stone adzes prior to
10000 years ago in northern China. This study also demonstrates that the use-wear technique is an innovated and effective ana-
lytic appraoch to the study of stone tool functions that has been conventionally treated by typo-technological analyses. Stone tool
use-patterns revealed by use-wear evidence would shed new insights on prehistoric adaptive strategies of modern human in north-

ern China.
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Evolution of culture is considered as a process of adaptation
driven by “an extrasomatic mechanism employed by a par-
ticular animal species in order to make its life secure and
continuous”[1]. Human beings adapted themselves to envi-
ronments both physically and culturally over the course of
human evolution. Culturally, Palaeolithic adaptations can be
interpreted in accordance with development of stone tools,
in which technological innovations are illustrated by
changes in manufacturing techniques and use-patterns of
tool makers. Research on Palaeolithic stone tools, however,
has always focused on typological study that compares
changing forms and styles of stone tools over time. Tool
function has been subjectively speculated based on mor-
phological forms of working edges as well as ethnographic
observations. No direct evidence has been offered for inter-
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preting uses of stone tools in prehistory until recently.
Without identifying actual functions of stone tools, many
questions related to some specific archaeological materials
remain un-answered; one of such examples is of
“adze-shaped objects” (ASOs) that were unearthed from the
Hutouliang site in Hebei Province.

As a new type of shaped tools, ASO emerged from a
number of late Upper Palaeolithic sites in northern China,
resembling in morphological form to woodworking “adze”
which was made of either ground-stone, bronze, or iron in
later periods. In general, ASO displays a trapezoid shape
with a blunt top end or a triangular shape with a rough point
tip. In most cases, it was unifacially chipped into a terraced
dorsal surface while leaving a flat and smooth ventral sur-
face. The relatively-thick bottom was likely worked into a
stepped unifacially-retouched straight edge, and in some
cases the top was also intentionally retouched. Giving such
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Figure 1 Diagram and terminology of ASO with comparison with a Neolithic ground-stone adze. (a) and (b) middle: the views of plan and profile of ASO
(P5084) from Hutouliang site; (c) a ground-stone adze from a Neolithic site of Longshan period [4].

functionally-unspecified type-name as ASO, some scholars
considered that these should be purposefully manufactured
for some unknown use-tasks [2—4] (Figure 1). Made of
ground-stone, bronze, and iron, adze itself is a com-
mon-known woodworking tool that is still in use today.
Based on the similarity in appearance between ASO and the
late adze, questions raise: what is the relationship between
the chipped-stone ASO and late forms of adze? Would ASO
be an early form of ground-stone adze, or was it a
by-product of manufacturing? Was ASO used for wood-
working? Was ASO hafted in use like recent adze? All of
such questions concern a functional study of archaeological
stone tools, which clearly could not be solved with a tradi-
tionally typological approach.

Lithic use-wear analysis is a newly developed analytic
technique for the study of stone tool functions. The method
was first initiated by a Russian scholar, Semenov, in the
1930s. Due to its methodological complexity, this analytic
technique was not fully employed in North America and
Europe until the 1980s—1990s [5-7]. Although the lithic
use-wear analysis was first introduced into China as early as
in the 1980s, its application to archaeological materials be-
gan to be systematically carried out only in the beginning of
this century [8—10]. This analytic method is to examine mi-
croscopically used traces survived on working-edge of tools,

leading to inferences and interpretations of tool use-patterns
based on comparative observations with experimental ref-
erences. The wear types were developed in various forma-
tions as a result of edge damages caused by different forces,
worked materials, and directions of movements during the
process of tool use. These use-wear patterns would provide
direct evidence for how tools might have been employed
and what materials might have been exploited. This inno-
vated method in archaeological analysis has no doubt pro-
vided us with an opportunity to have a new perspective to
understand human life in remote ancient societies [10].

The objective of this study is to explore tool use-pat-
terning and human adaptive strategies during the transition
from the Pleistocene to Holocene periods in northern
China. The target materials are ASO artifacts recovered
from the Hutouliang site. Among late Upper Palacolihtic
sites, Hutouliang yields the highest number of ASO arti-
facts [11]. The site, excavated in the late 1970s, was dated
with radiocarbon 'C to 11600-10000 years ago [11-16],
when the globe was under extremely cold and dry climate
during the Younger Dryas period. Hutouliang is a complex
of 9 occupational localities within a range of 10 km area.
Besides this distinct new tool type of ASO, other common
chipped-stone tools include microlithics, scrapers, and
points [12].



270 ZHANG XiaoLing, et al. Chinese Sci Bull January (2010) Vol.55 No.3

1 Analytical method and sampling

By employing different microscopic equipments and different
observing focuses of use-wear, the analysis has two techniques:
the low-power technique and the high-power technique. The
low-power technique utilizes a stereoscopic microscopy up to
200 X magnification with a reflective lighting for examining
primarily on edge-damage micro-fractures, whereas the high-
power technique employs a metallurgical microscope with
incident lighting for magnification between 500 X—2000 X
(good for detecting surface wear polish). Because raw materi-
als of Hutouliang artifacts appear to be in a variety of
poor-quality and rough surface, polish was not well developed,
thus not suitable for high-power microscopic examination. In
this study therefore, we employed the low-power technique,
using Nikon SMZ1500 stereoscopic microscope (with magni-
fication between 7.5 X and 180 X), to focus on the records of
micro-fractural scarring and edge rounding of use-wear. Polish
and striation wear patterns were also observed, whenever pos-
sible.

The interpretations of use-patterns are derived from as-
sessments based on overall combinations and configurations
of use-wear that can be determined through reference col-
lections including our own experimental use-wear data
(over 200 experimental specimens) [17,18], as well as pub-
lished works by other use-wear practitioners [19,20]. In
those experiments, researchers chose appropriate raw mate
rials and performed different use tasks, in accordance with
research subjects related to archaeological interpretations.
We recorded use-damages that were caused by various
combinations of tool uses, so as to establish reliable rela-
tionships between tool motions (e.g., chop, plane, penetrate,
drill, scrape, and cut) and worked materials (e.g., wood,
meat, bone, and hide). The first two authors have carried out
“blind tests” independently and their results are of 84% and
82% accuracy, respectively [18].

According to previous typological study, 25 artifacts
from Hutouliang have been identified as ASO [11,21], all of
which are subjected for the microscopic examination in this
study. The main raw materials for making ASO is Siliceous
Rocks (n=20), others includes Quartzite (n=4) and Ag-
glomerate (n=1) [11]; overall raw materials of ASO have
medium to poor grain inclusion and relatively high-developed
internal fractures. From a plane-view there are three forms:
rectangle, trapezoid, and triangle. They vary in sizes and
weights (Table 1).

2 Results

The analytic results suggest that 14 ASOs retain positive
use-wear (including both used wear and hafting wear). Half
of these used ASOs (n=7) display both used working edges
and hafting segments together. Three ASOs have only used

wear while the remaining 4 ASOs show hafting wear only
instead (Figure 2). In addition, one ASO displays an am-
biguous use-wear pattern that could not be clearly assessed
for either intentional used damage or by natural forces due
to rough surface of the tool.

Most tools were found with more than one segment of
working edge (or called Functional Unit). From 14 used
ASOs, therefore, there are 32 Functional Units (FUs) found
on different locations of the specimens. The used damages
are commonly found on the tips or top segments as well as
bottom edges, while hafting wear is seen on both left and
right lateral edges.

2.1 Hafted composite tools

Eleven ASOs have clear hafting wear, accounting for at
least 44% of the total of ASO artifacts identified at the site.
This high frequency suggests that ASOs were made effec-
tively for use as a composite tool with a hafted device/shaft.
Therefore, 21 hafting wear FUs are the majority of use-wear
found on ASOs (66% of all 32 FUs). Two features of haft-
ing wear can be summarized as the following. First, mi-
cro-scars on the lateral edges, resulting from haftingrather
than pressure retouch, appear in various forms in cluding
snap or feathered terminations, but no percussion point re-
sulted from retouch. Second, medium and heavy edge
rounding that was caused by hafting is diagnostic as being
presented between scars on lateral edges. Similar rounding
is also shown on ridges of the dorsal surface where contacts
with forced shaft or strings were made [19, 20] (Figure 3).
As far as locations of hafting FUs are concerned, most of
hafting wear were found in both lateral edges of the tools;

Table 1 Measurements of Hutouliang ASOs [11]

Max Min Mean S.D.

Length (mm) 127.3 30.2 61.21 19.67
Width (mm) 73.3 25 44.69 11.45
Thickness (mm) 28.1 11 17.77 4.58
Weight (g) 210.7 10.8 63.58 45.38

[ No used wear

[ Possible used wear
= Used wear only
[l Hafting wear only

Combined used and
hafting wear

Figure 2 Distribution of ASO use-wear (total number = 25).
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(a)

Figure 3 Hafting Wear (ASO: P5084). (a) Light rounding and micro-scars with multi-forms of terminations; (b) medium rounding on ridge of the dorsal
surface (The dash-dotted line represents the location of hafting wear, and the red scales in micro-photos represent 1 mm in scale).

only a few are identified on segments of top, bottom, and
dorsal ridges. According to the distribution of hafting wear
locations, we have reasons to believe that strong contacts
between ASO and the shaft were more likely to be concen-
trated on lateral sides or combination of one side edge and
dorsal surface ridges. This pattern suggests that the hafting
method be reconstructed as so-called “juxtaposed” hafting
arrangement, in which the working tool was paralleled
against wooden or bone haft attached with blinding [19,22]
(Figure 4).

2.2 Earliest adze

Based on the use-wear evidence, this study can positively
determine some of ASO tools to have been used as wood-
working tools. These chipped-stone adzes, although made
through different manufacturing techniques from those
made on ground-stone and metal materials in later periods,
shares similar morphological forms and especially similar
use functions. Thus it is so far the earliest adze discovered
in northern China.

At least 6 of such ASO tools were worked on their
straight edge at the bottom where positive used wear is
identified. Especially, four of these tools show microfrac-
tural scarring and rounding use-wear that are related to the
hafting at their respective lateral edges at the top portion of
the tools.

The use-wear observed at the bottom edges, as men-
tioned above, is dominated by light-to-medium rounding
and medium-sized scars. They are distributed either bifa-
cially or unifacially on dorsal side only. The terminations of

the scars are featured with stepped and feathered characters,
but occasionally with hinged. The combination of the used
wear does not support for inferences of tool motions such as
scraping and cutting/ sawing [23,24], instead the use-wear
evidence is indicative of chopping and planning motions
[18].

Among the pieces with both used wear and hafting wear,
ASO P5048 exhibits the most relevant use-wear which al-
lows us to assess it in confidence to be used as a typical
adze. The use-wear rounding appears at the bottom; espe-
cially heavy-rounding is seen at both corners of the bottom
in conjunction with the lateral sides, where small scars with
feathered or stepped terminations were produced from use.
On the ventral side of bottom edge there appear a few rela-
tive large size scars with feathered terminations, while in
some segments scars were clustered with crushed pattern.
Characteristics of medium-sized scars with feathered ter-
minations and/or with stepped-terminations that were dis-
tributed unevenly along both dorsal and ventral sides and in
combination with rounding, clearly point to a use-pattern
that is related to woodworking such as planning activities. A
hafted tool for planning woods can be undoubtedly regarded
as a common function for adzing [24] (Figure 5).

2.3 Non-adzing tools

The use-wear results also suggest that some of ASOs were
possibly used in two ways other than adzing. The one func-
tion is of penetrating and/or drilling on the tip, and the other
is of scraping on lateral edges or bottom edge. In functional
categories, some ASOs are non-adze tools even though they
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> Less than 3 hafting wear FUs
@ 3 hafting wear FUs
@ More than 3 hafting wear FUs

(a) (b)

Figure 4 Hafting-wear distribution and diagram of hafting method. (a)
The location and frequency of hafting wear; (b) “Juxtaposed” hafting
arrangement.

have similar forms as ground stone adze.

(1) Hafted projectile points. Three ASOs can be function-
ally determined as hafted projectile points, 2 of which might
have been used as processing meat. The common features of
their use-wear are the concentration of used scars and
rounding on the tip, while hafting wear appears clearly at
the bottom or lateral edges near the bottom.

ASO P5042 is a good example of this kind. Large sized
scars with stepped termination appear on the pointing tip,
while on the lateral edges near the top distributed evenly a
row of small sized scars associated with either shallow or
deep feathered termination as well as light rounding, clearly

indicative of the object being employed for meat processing.

A single row of small and feathered scars along with well-

developed rounding at the lower right-side lateral edge and
also at left part of bottom edge, which is typical wear pat-
tern resulting from wood contacts, suggests hafting function
[24] (Figure 6).

(i1) Multi-function tool. One particular ASO, P5041, ex-
hibits interesting used wear. One FU is located on right-side
lateral edge near the tip, showing used rounding and unifa-
cial but scattered distributed scars with shallow feather ter-
minations. Based on the configuration of the use-wear, we
assess this part of P5041 was used for scraping fresh wood.
At the straight working edge at the bottom, for example, the
use-wear combination (e.g., well-developed rounding along
with middle sized scars that are distributed run-together and
unifacially) suggests that the bottom of the P5041 was used
to process dry wood [24]. From a morphological study, this
ASO has both a pointed tip and a straight working edge at
the bottom, thus it may be classified in typology as either a
point, or an adze. Through use-wear analysis, we can assess
that the piece was not made for one single defined function.
Instead, it was likely prepared for multi-function purpose
(Figure 7).

3 Summary and discussion

In this study we applied the lithic use-wear analysis to ex-
amining microscopically edge damages of 25 ASO typed
artifacts from the Upper Palaeolithic Hutouliang site. This
study reveals direct evidence of stone tool functions, indi-
cating that ASO artifacts were manufactured for a special
purpose to be used as composite tools (with a hafting de-
vice). Uses of ASO fall into two main functional categories:
being used both for adze and for projectile points, in addi-
tion to one multi-functional tool. Therefore adzing must

Figure 5 Used wear and hafting wear of adze (ASO: P5048). (a) Used wear of woodworking observed on an experimental specimen(USE 096), showing
run-together micro-scars with feathered terminations; (b) used wear of ASO, rounding and run-together micro-scars with feathered and stepped terminations;
(c) hafting wear, heavy rounding and stepped micro-scars in clumped distribution; (d) hafting wear, heavy rounding on ridge of dorsal surface (The solid line

represents the location of used wear).
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Figure 6 Used wear and hafting wear of a projectile point (ASO P5042).
(a) Large sized scars with stepped terminations appearing on the tip, light
rounding and a row of small sized scars with either shallow or deep feath-
ered terminations near the tip; (b) a single row of small and feathered scars
along with well-developed rounding.

(b)

Figure 7 Used wear of a multi-function tool (ASO: P5041). (a) Scattered
distributed scars with shallow feather terminations; (b) middle sized scars
that are distributed run-together and unifacially.

have been a primary use function for ASO type tools from
Hutouliang, inferring that the Hutouliang ASO could be the
earliest chipped stone adze.

3.1 Use of complex hafting technique

The use of hafted tools in the Chinese Palaeolithic has long
been speculated only based on morphological types of tools.
For the first time, the use-wear evidence confirms the exis-
tence of hafted tools for Palaeolithic hunters and gatherers
as early as 11000 years ago.

The study suggests that both adzes and project points in
forms of ASO from the Hutouliang site were used as com-
posite tools. Adze emerged as a new type of utilized tools at
the end of Upper Palaeolithic, and continued to Neolithic
periods. Projectile point was a common type during the Pa-
laeolithic period, used as a hunting tool or weapon, for
drilling, penetrating, or projecting. Given the ethnographic
observations, projectile points were naturally considered to
be used along with a hafting device, but no direct evidence
has been offered until this study.

Interestingly, this study has assessed two different func-
tions for 25 Hutouliang ASO artifacts. This contradicts the
previous claim that they were typologically classified into a
single group based on their morphological shapes. Our
use-wear analysis discovers that some ASO were employed
as hafted projectile tools and thus the tools had extensive
unifacial-retouch at the bottom for the hafting purpose.
However in previous study such retouched bottom of pro-
jectile point was mis-interpreted as a working edge of ASO.
Therefore, it should be considered that 25 ASOs are in two
different functional categories, indicated by the use-wear
results.

A composite tool was created by hafting a shaft or a han-
dling device attached to a shaped stone tool or a weapon for
the best effectiveness of use function. Clearly, the manu-
facture of such composite tools needs careful preparation in
design and requires a series of stages in tool-making process.
The standardization of making composite tools such as
adzes and projectile points reflects the development of hu-
man cognitions and adaptive behaviors. From a perspective
of human evolution, appearance of composite tools has
generally considered as an important behavioral character of
modern human (Homo sapiens sapiens) [25,26].

However, shafts or handling devices in composite tools
were usually made from organic materials like woods or
bones, which were usually not preserved in archaeological
context. In the Upper Palaeolithic of China, there is no sin-
gle surviving hafting devices in any archaeological sites. So
far, a well-preserved composite tool, a blade-sickle with a
microblade glued to a carved bone handle, was reported
from an Early Neolithic site near Beijing [27]. A ground-
stone adze was found with a surviving wood shaft at a Late
Neolithic Liangzhu site (5000—4300 a BP) [28]. Due to no
surviving evidence of organic hafting devices from Palaeo-
lithic sites in China, use-wear becomes vital important evi-
dence for determining the existence of Paleolithic compos-
ite tools.

In Africa, Europe, and West Asia, hafting use-wear
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analyses also successfully determined the use of composite
tools at some Middle Palaeolithic sites. For example,
use-wear evidence from the 8-B-11 site in Sudan has
pushed back the appearance of composite tools as early as
200000 years ago [20,25,29,30]. Thus, for this reason, it is
important to assess hafting wear in lithic analysis of Chi-
nese Palaeolitihic research, and our study demonstrates the
success of this methodological application.

3.2 Function of chipped-stone adze and its significance

The discovery of use wear on ASO dismisses the notion that
the ASO might be a working blank, or a preform, of
ground-stone adze, and suggests that the Hutouliang ASOs
were made as a final product for specific use functions. The
use-wear evidence points to the fact that Hutouliang ASOs
were extensively employed as wood chopping/planning
tools, a similar function to that adze tools were used for [31].
The Dulong ethnic group, a modern hunter-gatherer society
in high latitudes of Yunnan, utilized similar chipped-stone
adze primarily for skinning the barks off the tree trucks as
well as grooving wood logs. It is worthy to note that the
hafting method of Dulong stone adze resembles the way in
which Hutouling ASO hafting was reconstructed. Thus, its
morphological forms, technological components (hafting),
as well as its use function, all with no doubt suggest that
Hutouliang ASO was the earliest known chipped-stone
adze.

Before the emergence of metal products, adze was made
on stone and used as a woodworking tool. In southern China,
ground-stone adzes were frequently seen in Early Neolithic
sites dated back to 8000 years ago. In European prehistory,
chipped-stone adzes appeared in late Mesolithic (8000—
5000 BC). Adzes were also found in prehistoric Southeast
Asia, Egypt, New Zealand, and Northwest Coast of North
America. All of these data suggest that stone adze appeared
in Holocene period, but yet no evidence suggest their exis-
tence in Late Pleistocene age. The significance of this study
is that, for the first time, the use-wear study confirms the
use of Palaeolithic stone adze in northern China before
10000 years ago. It is also suggested that Hutouliang
chipped-stone adze must have given a rise to widespread
use of ground-stone adzes in Chinese Neolithic.

From ethnographic evidences from Australia, Africa, and
Pacific Islands, we know that adzes are primarily used for
manufacturing daily utensils and weapons made of wood
[31-33]. Because of their concurrent appearance of ASO
artifacts and microblade at Palaeolithic sites of North China,
some scholars have speculated that ASO must have been
used as composite tools for woodworking, but offered no
evidence for this interpretation [3]. Our use-wear study has
confirmed this hypothesis so far, but moreover we argue
that the emergence of ASO being as adzing tools should
have had “an extrasomatic mechanism”. That is, during the

Hutouliang period, the occupants had to cope with the ex-
treme cold condition; human needs for building warm huts
were likely in demands. Archaeologically, palaeolithic huts
were identified in Eastern Siberia [34]. We thus propose that
the development of ASO tools was not just for general use
of woodworking, but was possibly a strategic adaptation for
survivals. Our working hypothesis will be further tested
when additional archaeological data become available.

In summary, the 25 Hutouliang ASOs under microscopi-
cally examination have been assessed to be in two separate
functional categories: chipped-stone adzes for woodworking
and projectile points for meat processing. Technologically,
both functional-types of tools were finely retouched to in-
clude a hafting component. According to varied sizes and
shapes, the use of Hutouliang ASO must have been through
complicated stages from being manufactured, to utilized, to
re-shaped, to main tained, and then to discarded, as their
overall forms tended to be gradually smaller and lighter.
Archaeologically, the fact that Hutouliang occupants have
purposefully invented the functional-specific ASO is an
excellent case study for strategic organization of lithic tech-
nology [35,36]. The differentiation of ASO functions may
infer behavioral adaptation to adjust surviving strategies in
coping with the cold weather conditions (building huts for
example) in northern China. Specifically, two types of func-
tional tools (adzes and projectile points) plus an additional
multi-functional tool, all in forms of typologically defined
ASO, had been utilized in the same time at the site, indicat-
ing a dynamic transformation in tool functions. Therefore,
the emergence of the earliest chipped-stone adzes was the
result of adapting tool functions to deal with changing liv-
ing condition at the deteriorating environment during the
Younger Dryas period.
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